The scavenging of gases from anaesthetic circuits may present hazards to the patient. The negative pressure relief valve prevents the generation of subatmospheric pressures in the circuit as a result of a discrepancy between the fresh gas flow and the gas evacuation rate. The ideal valve will open at a small negative pressure, and immediately permit a high gas inflow. Leakage with positive pressure in the circuit and admixture of atmospheric air during spontaneous respiration must not occur. Six different valves were studied. Two membrane valves came nearest to fulfilling the ideal requirements.
Efficient scavenging of gases from anaesthetic circuits may present risks to the patient.
The object of the negative pressure relief (NPR) valve (Sharrock and Leith, 1977) (synonyms: pop-in valve (Jergensen, 1975) , inlet relief valve (Sharrock and Leith, 1977) , dumping valve (Jorgensen and Thomsen, 1976) ) is to prevent subatmospheric pressures in anaesthetic circuits and its use during active scavenging from both open and closed reservoirs (Jorgensen and Thomsen, 1976; Sharrock and Leith, 1977) has been advocated.
During the routine use of halothane administered during controlled ventilation via a Hafnia A circuit, provided with an NPR valve (Jergensen and Thomsen, 1976 ) (the Hafnia A circuit being a modification of the Mapleson A circuit (Thomsen and Jorgensen, 1976) ), a smell of halothane, maximal around the valve, was noticed. Leakage was confirmed by a simple test in which tobacco smoke, under slight positive pressure, was blown into the valve. Several valves of the same type were tested in the same manner with similar results. As a consequence, other NPR valves were constructed as prototypes, and all were tested for leakage under various conditions. Those valves showing minimal leakage were analysed for their ability to equalize the subatmospheric pressures within anaesthetic circuits.
MATERIALS AND METHODS
Six different types of NPR valves (V number ) were studied. 0007-0912/78/0050-1025 $01.00 84 Thomsen (1976) , V 2 the corresponding commercial model (Dameca, Copenhagen). A flapper from an Ambu-E valve was attached to the valve seat in both models. V 3 and V 4 were two different spring-loaded disc valves. V 5 and V 6 consisted of circular elastic membranes of silicone rubber and rubber, respectively, attached concentrically to the inner surface of the valve seat ( fig. 1 ).
Valve 5 The valves were inserted in a Hafnia A circuit between the T-tube and the reservoir bag ( fig. 2 ). The patient attachment was sealed by means of a rubber bung. Gas evacuation from the circuit was performed through an Ejector Flowmeter (Jorgensen, 1974 The investigation was in four parts: Part 1. The maximum leakage through the valves was measured within the circuit pressure range 0-20 mm Hg, using a fresh gas flow of oxygen 5 litre min" 1 , and no gas evacuation. Those valves having a leakage of less than 2% of the fresh gas supplied were subjected to the tests in part 2.
Part 2. Different subatmospheric pressures were obtained in the circuit by the use of various gas evacuation rates without a fresh gas supply. The inflow through the valves was measured when a steady state had been reached. Those valves with an opening pressure within the range 0 to -2 mm Hg were studied further in part 3.
Part 3. Different subatmospheric pressures were generated by equilibration of the gas evacuation rate to various fresh gas inflows, followed by discontinuation of the fresh gas supply. Then the pressures were measured after a steady state had been achieved; first with the NPR valve in the circuit and, second, without the NPR valve, but with the pop-off valve both open and closed.
Part 4. The valves subjected to the tests in part 3 were tested further during the administration of anaesthesia using controlled and spontaneous ventilation. In this way, it was hoped to uncover possible leakage under these conditions and to ascertain also whether the admixture of atmospheric air with the anaesthetic gases occurred through the valves during spontaneous respiration.
Electrical calibration of both the pressure transducer and the flow transducer was carried out between measurements in all parts of the investigation.
RESULTS
Only three of the six valves (V 3 , V 5 and V 6 ) tested under semistatic conditions (part 1) showed leakage of less than 2% of the fresh gas flow (table I). Thus 32.4 1.9 6.2 1.7 < 1.2 (% of fresh gas flow) valves 1, 2 and 4 were excluded from further testing. The greatest losses, 16.8 and 32.4%, were in V x and V 2 , the valves employed in clinical practice. The flow curves had no regular pattern, and there was no relationship between the circuit pressure and the magnitude of the leak. The curves varied from valve to valve but were reproducible.
The opening pressure and inflow capacity at different subatmospheric pressures were measured for valves 3, 5 and 6 (part 2). The membrane valves V 5 and V 6 both opened at a negative pressure between 0 and 1 mm Hg ( fig. 3 ). Their inflow capacity was high at small subatmospheric pressures. The springloaded valve V 3 opened at a negative pressure between 2 and 5 mm Hg, and the inflow was less than 20 ml s~x within the pressure range from the moment of opening to -11 mm Hg ( fig. 3) . These results were reproducible also.
Subatmospheric pressures of between 16 and 26 mm Hg were measured within the evacuation range 3-8 litre min" 1 , following discontinuation of the fresh gas flow to the anaesthetic circuit (part 3). These pressures occurred when the NPR valve was not included in the circuit, and were independent of the pop-off valve being open or closed ( fig. 4 ). In the circuit with V 5 or V 6 , the negative pressure was reduced to less than 3 mm Hg ( fig. 4) . The least deviation from ambient pressure was obtained using V 5 , the valve which also had the smallest opening pressure and the greatest inflow capacity ( fig. 3) . (table II) . During controlled ventilation and with the stated maximum positive pressures in the circuit, no leak greater than 
Tests in clinical practice

DISCUSSION
When employed in conjunction with a semi-closed anaesthetic circuit, active scavenging systems are more efficient than passive systems (Armstrong et al., 1977) . The active extraction of gases risks the generation of either subatmospheric or positive pressures within the circuit which may result from malfunction of either the scavenging system or the fresh gas flow (Jergensen and Thomsen, 1976; Sharrock and Leith, 1977) or simply from a discrepancy between the fresh gas flow and the gas evacuation rate. However, pressure problems can occur following the use of passive scavenging systems also (Vickers, 1975; Metha, 1977) .
The application of subatmospheric pressure to the airways may cause collapse of the lung or increased venous return to the heart (Rosen and Hillard, 1960; Brandstater and Muallem, 1969) , while positive pressure may disturb gas exchange in the lung and impede venous return (Conway, 1975) or, at worst, bring about rupture of the alveoli or bronchi.
The ideal NPR valve will open when there is a small negative pressure in the circuit and will have a high inflow capacity at this pressure. Two of the valves analysed in the present study (V 5 and V 6 ) complied with these criteria, and were able to equalize subatmospheric pressures in the anaesthetic circuit effectively. Some of the benefits of a scavenging system may be lost if leakage occurs. This is most likely during intermittent positive pressure ventilation (Armstrong et al., 1977) . In addition, an essential requirement of an NPR valve is unidirectional flow under all circumstances. The valves investigated did not fulfil this requirement during semistatic conditions within the range of pressures commonly encountered in anaesthetic circuits. On the other hand, both V 5 and V e showed only minimal leakage in clinical use.
There is a discrepancy between the necessity of effective equalization of negative pressures and the requirement of unidirectional flow, inasmuch as tight closure of the valve may require a greater difference in pressure before opening. This problem appears to be largely solved by the use of membrane valves.
When NPR valves, which open with very small differences in pressure, are placed in the anaesthetic circuit itself, there is a possibility of admixture of atmospheric air with the gases in the circuit during spontaneous breathing. However, the investigation of V 5 and V 6 in clinical use showed that such admixture did not occur.
Active scavenging may occur from either open or closed reservoirs. The anaesthetic system itself may function as a closed reservoir, or the latter may be situated outside the exhaust valve. When scavenging from open reservoirs is used, a high gas evacuation rate (25-40 litre min" 1 ) is required to cope with the peak flow of overspill gases (Armstrong et al., 1977) . Accidental occlusion of the reservoir may thus result in emptying of the circuit within a few seconds, and generation of large subatmospheric pressures (20-380 mm Hg), even though the exhaust valve is positioned between the circuit and the reservoir (Sharrock and Leith, 1977) . Therefore, insertion of an NPR valve between the expiratory port and the suction unit is essential, when active scavenging from an open reservoir is employed.
Calibrated gas evacuation using an ejector flowmeter can take place either directly from the circuit or from a closed reservoir outside the exhaust valve. The ejector flowmeter may be adjusted with considerable accuracy within the range 0-15 litre min"
1 . Thus the rate of evacuation can be confined to the range of fresh gas flow. If the fresh gas flow decreases suddenly, or the rate of gas evacuation increases, the circuit will be evacuated slowly. This will allow the anaesthetist to react before a subatmospheric pressure develops. Even if a negative pressure occurs it would be in the range 20-26 mm Hg only with an evacuation rate of up to 8 litre min"
1 . Nevertheless, insertion of the valve should be advocated, as damaging effects may occur even at such a level of subatmospheric pressure. If an NPR valve is employed it should comply with the above mentioned requirements.
A study of the clinical and physiological consequences of activation of the negative pressure relief valve is in progress. (Purnell, 1963; Levy, 1964 ) using suitable burettes for the different nominal flow rates (Smith, 1970) . By this method nine measurements were made for each of the 11 flowmeter settings, the flowmeter being reset between all measurements. The values achieved were corrected for the vapour pressure of water and the room temperature was kept constant. Finally, the mean values were calculated. The accuracy of this method is between + 0.25 and ±2% (Levy, 1964; Smith, 1970) depending on temperature, pressure and time measurement and on volume, size and shape of the bubble meter.
To calibrate the flow transducer five measurements were made for each of the 11 flow rates delivered, the flowmeter being reset between all measurements. Before and after each measurement the pneumotachograph was calibrated electrically at zero and at full scale deflection.
A calibration chart was made by plotting the 55 values of electrical output expressed as fractions of full scale deflection (y) to the flow rate values (x). Linearity was shown by calculating the regression function and the correlation coefficient (v = 0.0006*-0.0002; r = 0.9998 (P< 0.001)). When there was no flow the electrical output of the transducer was zero. Experimental values between 0 and 5 ml s" 1 should be regarded as relative, expressing the measured electrical output transformed into a flow rate according to the extrapolated calibration line.
Flow values for atmospheric air were corrected for differences in viscosity (Grenvik, Hedstrand and Sjogren, 1966) .
Calibration of pressure transducer
Accurately known water pressures were generated by means of a bottle-to-bottle system connected to a water manometer. The transducer tip was placed in the air reservoir of the bottle which was connected to the manometer. Through a tap the reservoir pressure could be equalized to ambient pressure. Before and after each measurement calibration was provided at 0, 20 and 40 mm Hg both for the transducer and for the reference, and the calibrations were balanced.
Measurements of 32 positive pressures within the range 0.3-28 cm H 2 O and of 31 negative pressures within the range 0.4-30 cm H 2 O were made. The pressures read on the water manometer were converted to mm Hg using a factor ofO.7355.
A calibration chart was made by plotting the 63 values of electrical output expressed as fractions of full scale deflection at 20 mm Hg (y) to the pressure values (x). Linearity was shown by calculating the regression function and the correlation coefficient (y -0.0495*-0.0012; r = 0.9999 (P< 0.001)). At ambient pressure the electrical output was zero.
In part 4 of the investigation thermal drift could potentially influence the measurements, but it did not occur. This is in accordance with the fact that the transducer tip was placed close to the fresh gas inflow and far from the expired gas, and so there were only minor changes in temperature at the transducer site. Vickers, M. D. (1975 
SUMARIO
La expulsion de gases de los circuitos anestesicos podria resultarle peligroso al paciente. La valvula de alivio de presion negativa evita la generaci6n de presiones subatmosfericas en el circuito como resultado de una discrepancia entre la circulation de gas nuevo y la rapidez de evacuaci6n del gas. La valvula ideal se abrira con una presion negativa leve, permitiendo inmediatamente una gran admision de gas. No deben producirse fugas de presi6n positiva dentro del circuito ni mezcla con aire atmosferico durante la respiraci6n espontanea. Se estudiaron seis valvulas diferentes. Fueron dos valvulas de membrana las que mas se acercaron a los requisitos ideales.
